The discrimination diagrams: Rb versus Nb +Y and Nb versus Y, and Th/Ta ratio combined with field observations and empirical information from the literature were used to infer the tectonic environments and sources of the rare metal mineralization in the pegmatites of Komu area, southwestern Nigeria.
INTRODUCTION
In the last sixty years, studies of the Nigerian rare metal occurrence have established two distinct episodes of mineralization. The younger of these is the predominantly columbite-cassiterite mineralization associated with the anorogenic Mesozoic granite of central Nigeria. The older episode is tantalite-columbitecassiterite mineralization associated with pegmatites of the main phase granite magmatism of the Pan-African orogeny (600±150 Ma). Most studies on these pegmatites were focused on the petrology, mineralization trends and factors that governed the degree of mineralization. Published work on the tectonic environments and sources of rare metals mineralization in the pegmatites is scarce.
On the basis of structural observations alone, Evans (1987) interpreted the occurrence of tin belts of different epochs in the margin of Atlantic as indicative of sources of rare metals from either upper mantle / or lower crust. In sharp contrast to these observations, Wright (1970) suggested that pegmatite mineralization must have been leached from continental rocks by hydrothermal fluids ejected from Pan-African magmatism. The Rb-Sr isochron age of 185-183 Ma on biotite from pegmatites of Egbe was earlier thought to indicate a possible link between the pegmatites and Mesozoic granite (Matheis and Caen-Vachettee, 1983 ). This could not be supported by further chemical and field data which established a genetic link between the pegmatites and Pan-African granites (Matheis, 1987; Kuster, 1990) .
The spatial association of the pegmatites of Kushaka area and the Pan-African transcurrent fault was established by Garba (2002) . Inferences on the sources of rare metal have been from information deduced from radioactive isotopes and structural observations. The principal aim of this work is to use the available data: the chemical data presented in this paper and information derived from literature to infer the tectonic environments of the pegmatites and sources of their rare metal mineralization.
REGIONAL GEOLOGICAL SETTING
Komu is part of the geological terrane referred to as the basement complex of southwestern Nigeria. The basement complex forms an important domain of the Pan-African mobile belt east of West African craton, south of Tuareg shield and northwest of Congo craton. The mobile belt extends from the Hoggar through Air, Adrar des Iforas and Gourma (Algeria) to the Dahomeyides in Ghana, Togo, Benin, Nigeria and Cameroon. The Dahomeyide fold belt constitutes the southern portion of the mobile belt. From the southeastern margin of West African craton eastwards, three major tectonic domains are present: the Voltain foreland basin with sedimentary sequences, the Beninian thrust and fold belt; and the Nigerian high grade migmatite-gneiss terrane.
The rocks in the Voltain basin rest unconformably on the shield and progressively folded and metamorphosed westwards. The Beninian thrust and fold belt have two main structural units: the ` Buem an Atacora. The Buem is southwestward dipping, largely consists of unmetamrophosed sandstones, shales and mudstones. The Buem unit is well developed in Ghana. The Atacora unit consists of quartzite, micaschists, phyllite, basaltic volcanics and marble. The internal unit attained a high pressure metamorphic grade in southern part of Togo where kyanite eclogite is present.
The Nigerian Nigerian sector consists of two main areas: the Beninian gneisses and migmatite-gneiss (Figure 1 ). The gneisses are of high grade amphibolite facies and predominantly consist of quartzo-feldspathic and anatectic migmatitic granitoids. The Figure 1 : Geological map of Pan-African belt east of West African craton (After Caby et al., 1981) migmatite-gneiss complex consists of Archean polycyclic grey gneisses of granodioritic to tonalitic composition. The entire mobile belt east of West African craton is divided into six petrological zones (Affaton et al., 1991) .
Plate tectonics models have been used to explain the evolution of this Pan-African belt. Burke and Dewey (1973) suggested that Dahomeyide fold belt evolved from the closure of an Atlantic Ocean type by continent-continent collision between passive western continent of Birrimia and active eastern continent of Dahomea. Continental fragmentation commenced in ca 1100 Ma and by ca 900 ± 100 Ma a paleo-ocean had developed east of the West African craton. The closure of the ocean began with subduction processes operating along an eastward dipping Benioff Zone. This was marked by widespread calc-alkaline volcanisms which are similar to those of modern day island arcs and active continental margins (Affaton et al., 1991) . Behind the possible Pan-African arc were several often fault bound Pan-African volcano-sedimentary sequences which latter evolved to schist belts.
Locally, the study area is part of Iseyin-Oyan river schist belt. Adetunji (2004) observed that the ` pegmatites of Komu area are hosted by three distinct petrologic units: medium to high grade pelitic gneisses, low pressure amphibolites and granitic rocks. The distribution of these rocks is shown in Figure 2 . The granites do not form any remarkable topographic feature, but occur as dykes of not more than 10 m wide and 15 m long. On the basis of silicate mineralogy and textural characteristics, the rocks in the pegmatite suites are grouped into graphic granite, blocky alkali feldspar pegmatite, quartz-albite-muscovite-tourmaline pegmatites and fine-grained saccharroidal albitemuscovite-tourmaline-garnet rock (Adetunji and Ocan, 2010) . The graphic granite and alkali Figure 2 : Geological of Komu area (After Adetunji (2004) feldspar pegmatite occur as autoliths in the quartzalbite-muscovite-tourmaline pegmatites. The finegrained rock appears to intrude the other types of pegmatite. Fe emits Mn-K X-rays (5.89 Kev). These allowed the detection of elements with low characteristics excitation energies. The calibration and standardization of the equipment were done according to procedures described by Funtua (1999) . The interpretation of chemical data was done by plotting them on relevant discrimination diagrams
MATERIALS AND METHODS

RESULTS
The relevant elemental compositions and Th/Ta ratios of the pegmatites are presented in Table 1 . In the Figure 3 , the plot of Rb versus Nb + Y contents is shown on the discrimination diagram of Pearce et al. (1984) . The graphic granite and the alkali feldspar pegmatite (autoliths) wholly plot in the field of granites formed in syn-collisional environment (Syn COG), the quartzalbite-muscovite-tourmaline pegmatite spreads over the fields of granite formed in syn-collisional, volcanic arc (VAG) and within plate (WPG) tectonic environments while the fine-grained rock plots solely in the field of granite formed in ocean ridge tectonic environment (ORG).
In the Figure 4 , the plot of Nb versus Y contents is shown on tectonic environment discrimination diagram
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of Pearce et al. (1984) . The graphic granite and alkali feldspar pegmatite (autoliths) plot in the (VAG+ Syn COG) and WPG environments while the quartz-albitemuscovite-tourmaline pegmatites plot in the WPG, ♦ alkali feldspar pegmatite; □ graphic granite; ∆ quartz-albite-muscovite-tourmaline pegmatite; ж fine grained albitemuscovite-tourmaline-garnet rock. WPG: within Plate Granite; VAG: Volcanic Arc Granite; SynCOG: Syn Collisional Granite; ORG: Ocean Ridge Granite AORG: anorogenic, VAG + Syn COG environments. The fine-grained rock wholly plots in the WPG environment.
DISCUSSION
The chemical data presented in this study form part of the first author's M.Sc thesis research work. The Th/Ta ratios and the discrimination diagrams were used to infer the tectonic environments of the pegmatites at the time of their emplacement and sources of their rare metals mineralization. The use of Th/Ta ratio for interpreting tectonic environment has long been employed for both volcanic and plutonic rocks. According to Schandl and Gorton (2002) , the Th/Ta ratios for different tectonic environments are summarized as follows: midoceanic ridge -<1.0), within plate (2.0-6.0), active continental margin (6.0-20.0) and oceanic arc (20.0-75.0). It is apparent from the Th/Ta ratios alone that the tectonic environment of the pegmatites of Komu area is close to that of mid oceanic-ridge. The Th/Ta ratio for any tectonic environment depends on the degree of incompatibility between Th and Ta, and it may either represent the involvement of a subducting slab in magma generation (Pearce and Peat, 1995) , recycling of subducted sedimentary rocks (Hawkesworth et al., 1997) or crustal build up of the sialic component of arc through time (Lentz, 1998) . The pegmatites of Komu area show a general depletion of Th and were not emplaced in volcanic arc and oceanic ridge environments (Figure 3) . Complex tectonic units that include accretional prisms, magmatic arcs, marginal basins, thrust belts, suture zones and ophiolites have been mapped and reconstructed in the Pan African mobile belt east of West African craton (Affaton et al., 1991) . At the initial stage of the Pan-African orogeny, mafic and ultramafic rocks were emplaced as a result of crustal thinning (Bafor, 1988) . The protoliths of the amphibolites in the study area are part of these early mafic intrusives that accompanied Pan-African orogeny. The upwelling of mafic magma (Dada and Rahaman, 1995) continued toward the end of crustal thickening that accompanied the orogeny. This invariably involved the replacement of the old lithospheric mantle by shallow convective asthenosphere (Caby and Boese, 2001 ). The parental granites of the pegmatites of Komu area were produced from either melting induced by contact of mafic magma with crustal rocks, fractional crystallization of the mafic magma or crustal thickening associated with subduction. In the subduction episodes, various elements ascended from the upper mantle and enriched the crust directly above the subduction zone (Martin and De Vito, 2005) . There is also important input from the lower crust where there is melting, assimilation and hybridization. The rare metals deposited in these pegmatites were probably introduced from the lower crust and mantle-derived materials rather than leaching
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` from the country rocks as advocated by authors like Matheis and Caen-Vachettee (1983) . The closing stages of Pan African orogeny were marked by series of transcurrent faults (Kuster, 1990 , Garba, 2002 . Therefore, mantle and lower crust materials may have risen to higher crustal levels through these deep seated fault systems. This is apparently responsible for the Th/Ta ratios of mid-oceanic ridge environment. Evidently, the alignment of the pegmatites in almost NNE-SSW and NE-SW as shown in Figure 2 indicates that the fault systems had overbearing influence on the emplacement of the pegmatites. Adetunji (2004) suggested the possible presence of pegmatites of niobium yttrium fluorine (NYF) family in the area. This type of pegmatite is associated with anorogenic magmatism (Cerny, 1991) . If the Himalayan type collision theory advocated for the evolution of the region were to be true, the likelihood of extensional fault system for the lifting up of magma after orogenic collapse could not be ruled out. This may have served as source of the melt that produced NYF imprints in the pegmatites. This also gives anorogenic environment signature (Figure 4 ). Martin and Devito (2005) noted that a rift related anorogenic granite from which NYF pegmatites may be emplaced immediately after (or during transtensional situation) a protracted period of orogeny. These authors reported the association of potassic rocks (e.g. syenites) and some NYF pegmatites in a terrane dominated by lithium cesium tantalum (LCT) pegmatites in Pan-African mobile belt of Anjanabooina, Madagascar. It is suggested that the area experienced an episode of rifting and anorogenic activity relatively soon after the termination of Pan-African orogeny. Pezzota (2005) attributed the source of NYF pegmatites in that part of Madagascar to the syenitic plutons emplaced during the post orogenic rifting and magmatism. The 570-540 Ma age of the syenites falls within the Pan-African orogeny. The syenite plutons in areas not too far from the study area may have been emplaced immediately after orogenic collapse in a similar manner to those of Madagascar. In the Brazilian sector of the Pan-African mobile belt where similar analogous rare element pegmatites have been identified, Kaul and Cordiani (2000) reconstructed three tectonic regimes during the Pan-African orogeny. Sequentially, these are compressive and two transtensive tectonic regimes. The ascents of magmatic melts were through large scale fracture systems developed during these tectonic regimes.
In conclusion, due to the long span of the PanAfrican orogeny (750-450 Ma), different tectonic environments came into play during which pegmatitic melts were produced. Rare metals were essentially derived from mantle and lower crust; and elevated to higher crustal levels through mantle upwelling and deep seated fault systems. The high contents of Rb, Nb, Zr and Y, coupled with the possible presence of pegmatites of NYF family, show possible overlapping of felsic magmatic episodes of largely anorogenic and minor ones after the orogenic episode has subsided. 
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